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Our  studies  are  concerned  with  the  structure,  organization  and  expression  of  the  genome  of  marine  j 
dinnflpcniintfs;  they  co'’7rr'Yniy  iTcur  RR  fT**?  I’viug  photosynthfric  marine  iipicells,  but  aiso  include 
cndosymbiotic,  parasitic  and  heterotrophic  taxa.  Some  are  bioluminescent;  soine  produce  potent 
neurotoxins:  and  some  cause  red  tides.  The  dinoflagellate  nucleus  is  unusual  in  that  the  chromosomes 
remain  condensed  throughout  interphase  and  lack  nucleosomes  and  histone  like  proteins.  , 

We  have  undertaken  the  cloning  and  structure  determination  of  five  select^  dinoflagellate  genes, 
those  in  the  bioluminescent  system  coding  for  luciferase  and  luciferin  binding  protein,  and  those  for 
nitrate  reductase,  alpha  and  beta  tubulin.  cDNA  libraries  have  been  constructed;  a  cDNA  for  binding 
protein  has  been  panially  sequenced.  Presurnptive  cDNAs  for  other  genes  have  also  been  isolated  and  are 
being  sequenced.  Utilizing  appropriate  sequences  for  the  synthesis  of  primers,  genomic  sequences  are 
being  prepared  with  the  polymerase  chain  reaction  technique.  Kq_  e_>||LO  Of  do!  - 


ZO  DISTRIBUTION/ availability  Of  ABSTRACT 
CJuNCLASSifiEO/UNLiMITED  □  SAME  AS  RPT 


NAME  Of  RESPONSIBLE  iNOiviOuAl 

Michael  T.  Marron 


Zt  abstract  security  ClASSifiCATiON 
□  otic  USERS  (IJ) _ ^ _ 


ZZb  telephone  (/nc/udf  arerCodr) 

-  202/696-4760 


Annual  Report  on  Contract#  N00014-88-K-0130 

Date:  26  June  1989 

Title:  Molecular  Biology  and  Genetic  Regulation  in  Marine  Dinoflagellales 

Principal  Investigator  J.  Woodland  Hastings 

Department  of  Cellular  and  Developmental  Biology 
Harvard  University  ^  \ 

16  Divinity  Avenue  i  ^  i 

Cambridge,  MA  02138  V  J 

26  June  1989 

Research  Objectives: 

Our  long  range  goals  are  to  understand  the  organization,  regulation  and  expression 
of  the  marine  dinoflagellate  genome.  Although  dinoflagellates  arc  abundant  in  the 
marine  ecosystem,  relatively  little  is  known  about  their  genetic  makeup.  A 
distinguishing  feature  of  their  DNA  is  that  it  has  very  little  associated  histone  type 
protein,  and  it  may  be  asked  whether  the  arrangement  and/or  regulation  of  genes  differ. 
To  that  end  we  are  isolating  and  characterizing  several  selected  dinoflagellate  nuclear 
genes.  Sequence  information  on  these  genes  will  enable  us  to  determine  intron/exon 
organization,  gene  copy  numbers  and  regulatory  sequences. 

Accomplishments  (Year  1) 

(1)  Sequencing:  Ludferin  binding  protein  (LBP  is  a  protein  of  moderate  abundance 
(-1  %  of  soluble  protein)  in  the  marine  dinoflagellate  Gonyaulax  polyedra.  It  functions  in 
the  bioluminescent  reaction  to  bind  and  then  release  the  substrate  ludferin;  the  luciferase 
reaction  then  generates  the  flashes  of  light  emitted  by  the  organism. 

At  the  time  this  project  was  initiated  a  partial  (1100  bp)  cDNA  for  the  LBP  had  just 
been  isolated.  Based  on  the  size  of  the  protein  (72  kDa),  the  coding  region  should  be  about 
1.7  kb,  and  the  corresponding  mRNA  is  2.4  kb,  as  determined  by  Northern  blotting.  We 
first  undertook  to  determine  the  nucleotide  sequence  for  this  cDNA,  and  have  now 
completed  portions  from  both  ends.  From  the  3’  end  a  320bp  run  has  been  sequenced;  it 
includes  a  poly  A'*'  tail  region,  and  stop  codons  (for  all  three  reading  frames),  and  an 
untranslat^  region.  Tne  actual  reading  frame  for  LBP  has  not  been  determined.  Starting 
from  the  5'  end,  a  290  bp  run  has  been  sequenced.  For  neither  of  these  runs  do  we  find 
regions  homologous  with  sequences  in  other  genes,  based  on  searches  of  gene  bank  data. 

(2)  Preparation  and  screening  of  a  new  cDNA  library:  Between  the  time  of  the 
jubmission  of  prop>osal  and  that  start  up  of  funding,  a  new  and  better  method  for 
obtaining  nuclear  gene  sequences  was  developed.  In  particular,  the  polymerase  chain 
reaction  (PRC)  methods  can  now  be  used,  based  on  sequences  determined  from  cDNAs 
We  thus  altered  our  plans  so  as  to  be  able  to  make  use  of  this  technique,  and  we  decider!  to 
prepare  a  new  cDNA  library,  hopefully  containing  longer  sequences.  This  was  successful. 
mRNA  was  extracted  from  G.  polyedra  and  the  poly  A  '■  fraction  isolated  on  an  oligo  dT 
column.  cDNA  was  synthesized  with  reverse  transcriptase  using  a  modificdtion  of  the 
Gubler  and  Hoffman  (1983)  procedure.  Linker-adapters  were  added  and  the  cDNA  was 
size-selected  (l-3kb,  >3kb)  and  ligated  into  a  modified  lanibda  phage  vector  (X  2LAP II, 
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Invitrogen).  The  library  has  been  screened  for  the  LBP  cDNA  using  an  oligolabled  LBP 
probe  (methods  of  Feinberg  and  Vogelstein,  1983;1984)  obtained  from  the  earlier  cDNA.  A 
new  longer  LPBc  DNA,  approximately  1.7  kb,  has  been  isolated. 

0)  Cloning  of  tubulin  and  nitrate  reductase  genes:  In  parallel  with  the  studies  of 
genes  concerned  with  the  bioluminescent  reaction  we  undertook  studies  of  other  genes, 
assuming  that  their  regulation  might  not  be  the  same.  We  selected  tubulin  and  nitrate 
reductase.  Although  doning  has  not  been  completed,  considerable  progress  has  been 
made  with  both,  as  described  below. 

Nitrate  reductase  gene:  The  major  source  of  nitrogen  in  the  marine  ecosystem  is  in 
the  form  of  nitrate .  Marine  algae  must  reduce  this  to  ammonia  or  amines  before  being 
used  by  a  reduction  pathway  beginning  with  the  NADH-depdendent  enzyme  nitrate 
reductase  (NR).  NR  was  isolated  from  Gonyaulax  cells  and  purified  cn  SCi^PAGE. 
Polyclon*d  antibody  was  rased  in  rabbits  and  has  been  used  to  screen  for  the  NR  cDNA 
with  the  new  library  in  an  expression  vector  (Lambda  Zap  0) 

Tublin  (alpha  and  beta):  An  alpha  tubulin  cDNA  probe  from  Chlamydomonas 
reinhardtii  has  been  used  to  screen  the  new  Gonyaulax  cDNA  libraryl.  Positive  signals 
have  been  obtained. 

Similar  saeening  with  a  Chlamydomonas  probe  for  beta  tubulin  was  not  successful; 
virtually  all  the  colonies  gave  a  signal,  possibly  because  Of  hybridization  with  vector 
sequences.  We  thus  dedded  to  use  the  polymerase  polymerase  chain  reaction  (PCR) 
technique  as  an  alternative  route  (see,  e.g.,  Erlich,  H.A.,  Gelfand,  D.H.,  and  Saiki,  R.K. 
Natitre  331:461. 1988).  Using  sequences  found  in  the  Genbank  sequence  database,  we 
identified  highly  conserved  regions  of  the  coding  sequence  among  many  organisms.  The 
consensus  sequences  from  two  such  regions,  one  at  the  interior  of  the  message,  and  one 
close  to  the  3'  end,  were  used  as  a  basis  for  the  synthesis  of  two  oligodeoxynucleotides, 
which  have  been  used  as  primers  in  PCR  runs.  The  DNA  fragments  produced  in  these 
reactions  are  of  the  expected  size. 

WORK  PLAN  (Year  2):  We  will  complete  to  saeening  the  cDNA  library  and  isolate  full 
length  cDNAs  for  LBP,  ludferase,  tublin  and  NR.  Based  on  selected  nudeotide  sequences, 
we  will  synthesize  by  PCR  the  full  length  genes  coding  for  these  proteins,  induding  the 
untranslated  regulatory  regions.  Once  obtained,  we  will  sequence  these  genes,  compare 
these  sequences  with  kjiown  gene  sequences  from  other  organisms  and  determine 
intron/exon  structure.  The  regulatory  regions,  structures  and  conformations,  will  receive 
particular  attention. 

Publications:  Manuscripts  desCTibing  the  results  of  this  work  are  planned  but  not  yet 
prepared. 


